.0 PA, respectively 9 . Due to high price and uncertainty in supply of CB while world demand is high, cocoa butter alternatives or replacers from cheaper fat and oils through modifications fractionation, hydrogenation, and chemical or enzymatic interesterification is challenging.
Enzymatic interesterification was used to modify physico-chemical properties of fat and oil 12 with exchange of fatty acids within and among TAGs 10, 13 , by using enzyme as a catalyst 14 . Several research used lipase as a catalyst to produce a cocoa butter substitute from low value fat and oil 15 . Another researcher found thermal behavior of a product from enzymatic interesterification of tea seed oil was comparable to cocoa butter at 20 -30 10 . In addition, Pande and Akoh produced a trans-free structured margarine fat analog with high stearate soybean oil and palm stearin 16 .
The objective of this study was to modify rice bran oil solid fat fraction by enzymatic modification and to choose proper condition to produce CBA.
MATERIALS AND METHODS

Materials
Rice bran oil solid fat fraction RBOSF was obtained by dry fractionation at 1 Thai Edible Co. Ltd., Bangkok, Thailand . Palm olein PO was donated by Loders Croklaan North America Channahon, IL, USA . Stearic acid was from SAFC Supply Solution St. Louis, MO, USA . Lipo-zyme® RM IM with declared activity of 275 interesterification unit/g IUN/g immobilized granulate from Rhizomucor miehei was purchased from Novozymes North America Inc., Franklinton, NC, USA . An internal standard fatty acid C15:0 was purchased from TCI Tokyo, Japan . Major organic solvents included n-hexane, diethyl ether, and petroleum ether were from Fisher Scientific Norcross, GA, USA and Sigma-Aldrich Chemical Co. St. Louis, MO, USA . Ethyl stearate, triolein, 2-oleylglycerol 2-monoacylglycerol, 2-MAG , and lipid standards Supelco 37 component fatty acid methyl esters FAMEs mix were purchased from Sigma-Aldrich Chemical Co. St. Louis, MO, USA .
Determination of optimal condition for enzymatic
modi cation of RBOSF Factorial arrangement 2 3 3 in CRD experimental design was used for enzymatic synthesis of SL, a modified lipid. Three reaction factors included substrate mole ratios RBOSF:PO:C18:0 donors 1:1:3, 1:2:3, and 1:2:6 , reaction time of 6, 12, and 18 h, and reaction temperature of 55, 60, and 65 , were used. Two C18:0 donors used were stearic acid SAd or ethyl stearate ESd . The method of enzymatic synthesis was followed 17 :
A 100 0.50 mg of RBOSF was weighed into the labeled Teflon-lined screw-capped test tube. PO and SAd or ESd were added accordingly to respective molar ratios and 3 mL of n-hexane was added and heated to dissolve all the substrate before 10 by weight based on total substrate weight of Lipozyme® RM IM was added. The reaction temperature and time were controlled in a water-bath shaker at 200 rpm. Reaction products were filtered through a Pasteur pipette that contained anhydrous Na 2 SO 4 anhydrous Na 2 SO 4 column to remove the enzymes. The filtrate was concentrated under nitrogen, the extract was further separated and identified for TAGs by thin layer chromatography TLC with silica gel as a stationary phase, and a developing solvent system of petroleum ether:ethyl ether:acetic acid 80:20:0.5, mL/mL/mL 16 . Identification of TAG bands was aided by spraying of 0.2 2, 7-dichlorofluorescein in methanol, and visualized under UV light, and triolein was used as the standard TAG. An identified TAG band scraped from TLC plates was dissolved in 2 mL of diethyl ether and the mixture was vortexed for 2 min, and then centrifuged at 1000 rpm for 5 min. Upper layer was filtered through anhydrous Na 2 SO 4 column and dried under nitrogen before determination of fatty acid composition of TAG from SL synthesis. Synthesis of SL product containing similar amounts of stearic acid and oleic acid, to those of cocoa butter would be considered optimal reaction.
Fatty acid composition analysis
Fatty acid composition of RBOSF was determined by using Hewlett-Packard 6890 series II gas chromatograph Agilent Technologies Inc., Palo Alto, CA, USA . A Supelco SP-2560 column 100 m 250 μm, 0.20 μm film for sample separation with a flame ionization detector FID . An injection of 1 L of sample FAMEs was made at a split ratio of 5:1. Helium as a carrier gas was used at a constant flow rate of 1.1 mL/min. Inlet and detector temperature was controlled at 250 and the oven was held at 140 for 5 min, then increased up to 240 at a rate of 4 /min and held at 240 for 17 min. Preparation of FAMEs was followed 18 with some modification of the method 17 . A sample of 100 mg was prepared in a Teflon-lined screw-capped test tubes and 200 μl of an internal standard C15:0 20mg/mL hexane was added and mixed well. Hexane was evaporated by N 2 flushing, then 2 mL of 0.5 N NaOH in methanol was added and vortexed for 1 min. The sample was heated for 5 min at 100 in an oven. The sample was cooled in an ice bath to room temperature before 2 mL of 14 BF 3 in methanol as a catalyst was added. Sample was vortexed for 1 min then heated at 100 at 5 min and cooled in an ice bath before adding 2 mL each hexane and saturated NaCl mixed for 2 min, centrifuged for 5 min at 1000 rpm to separate hexane layer from saturated NaCl solution. The layer of hexane extract was run through anhydrous Na 2 SO 4 column, and dehydrated FAMEs was injected to GC. Fatty acids of the samples were identified by using Supleco 37 standard FAMEs mix.
Analysis of sn-2 fatty acid
Determination of fatty acid at sn-2 position was performed on samples of RBOSF, PO, and SL by using pancreatic lipase-catalyzed analysis was followed 19 . Each sample of TAGs from TLC products, 100 mg of RBOSF or PO, was separately put into Teflon-lined screw capped test tubes. Two milliliters of 1.0 M Tris-HCl buffer pH 8 were added to each tube, followed by 0.5 mL of 0.05 sodium cholate, 0.2 mL of 2.2 calcium chloride, and vortexed for 2 min to emulsify each mixture. Forty milligrams of solid pancreatic lipase was added and the mixture was vortexed for 1 min, incubated at 40 for 3 min in a 200 rpm shaking water bath. The sample was vortexed again for 2 min before 1 mL of 6 N HCl and 4 mL of diethyl ether were added. The sample was vortexed for 2 min and centrifuged at 1000 rpm for 10 min. The upper layer was filtered through an anhydrous Na 2 SO 4 column, the filtrate was concentrated under nitrogen. Separation of 2-MAG of the sample was done by TLC. A mixture of hexane, diethyl ether, and formic acid 60:40:1.6, v/v/v was used as the developing solvent, and 2-oleylglycerol was used as the standard. The TLC plates were sprayed with 0.2 2,7-dichlorofluorescein in methanol and visualized under UV light. The band corresponding to 2-MAG was scraped and methylated to FAME. Fatty acid content at the sn-2 position was analyzed by gas chromatograph. Fatty acid content at the sn-1 3 positions was calculated following 2 . sn 1 3 3 Total fatty acid sn 2 2
Melting point
Thermal analysis for melting and crystallization profile was analyzed using a differential scanning calorimetry DSC 204 F1 Phoenix Netzsch Instruments North America, Burlington, MA following AOCS Official Method 20 . Samples 8-12 mg were weighed into aluminum pans and sealed. Samples were rapidly heated to 80 at 20 /min, and held for 15 min to destroy any previous crystalline structure. The samples were then cooled to 75 at 5 /min for crystallization , and held for 30 min and finally heated to 80 at 5 /min for melting . Nitrogen was used as the protective and purge gas. characteristics of fat, high melting at 69.3 of SA 21 resulted in a solid or hard CB at room temperature. Position of fatty acids on a glycerol backbone was determined by stereospecific numbering sn system as sn-1, sn-2 and sn-3. In human, pancreatic lipase selectively hydrolyzed TAGs at sn-1 and sn-3 positions of TAGs but did not affect the sn-2 22 . Fatty acid at sn-2 position of CB was more than 85 OA.
Results and Discussion
Fatty acids at sn-2 position of RBOSF were OA 46.52 0.63 and LA 42.98 1.1 , accordingly to Jennings and Akoh reported the dominant fatty acids at sn-2 position of RBO were OA 43.9 , LA 49. 8 and PA 3.7 2 . While the major fatty acid at sn-2 position of CB was OA 85. 24 1.22 . Oleic acid and LA were low melting point unsaturated fatty acids USFAs at 4 and 5 , respectively 21 . Rice bran oil solid fraction had a higher amount of USFAs than CB, thus the RBOSF was more liquid than CB. The amount of SA or C18:0 of RBOSF was very low 2.40 0.01 compared to SA in CB 33.13 0.04 , moreover OA content at sn-2 position of RBOSF was only half of the amount of OA found in CB 46.52 0.63 and 85.24 1.22 , respectively , and this was the reason to enrich RBOSF with C18:0 to produce cocoa butter alternative CBA .
3.2 Determination of optimal condition for enzymatic synthesis Enzymatic modification of TAGs was influenced by the reaction temperature and affected the fatty acid composition of SL p 0.05 Fig. 1a, b . Sharp decreases in PA at every temperature were found at the first 6 h of the reaction. The changes were small during 6 to 18 h. Increases in SA of SL were found more effective by using ESd than SAd Fig. 1c, d . Concentrations of OA of SL slowly declined when SAd was used Fig. 1e , f . In addition, concentrations OA of SL were higher than those with ESd at every reaction temperature. Concentration of SA in SL was increased approximately 20 compared to RBOSF and the highest concentration of SA was at 65 18 h when SAd was used 35.26 0.13 , and the amount of OA at 65 during 6-18 h was not different p ≤ 0.05 which was approximately 24.28 0.95 to 25.26 0.16 , when ESd was used Fig. 1e , f . Increasing the reaction temperature increased the activity of Lipozyme® RM IM lipase as well as the rate of SL synthesis. However, some researcher reported that higher reaction temperature reduced activity of enzyme Lipase due to irreversible denaturation of the enzyme 23 .
Increase in mole ratios of C18:0 donor in the substrate systems RBOSF:PO:C18:0 donors from 1:1:2 to 1:2:6 Fig.  2c, d , significantly increased concentration of SA in SL. In addition, ESd increased concentrations of SA in SL much more than SAd did. Obvious decrease in concentrations of OA was observed with substrate mole ratio 1:2:6 compared to the others Fig. 2e Cocoa butter had 85.24 mol OA at sn-2 position Raw Cocoa Butter, Plant Guru Inc., New Jersey, USA . Palmitic acid at sn-2 position of CB was 2.91 0.23 . Increase in mole ratio of PO RBOSF:PO:C18:0 donors from 1:1:2 to 1:2:3 Fig. 2a, b resulted in increased concentration of PA and OA, especially OA at sn-2 position from 46.52 0.63 RBOSF Table 1 to 54.05 3.11 1:1:2 and 55.88 1.15 1:2:3 Fig. 3 . Acyl migration of fatty acid at sn-2 position was promoted. Concentrations of OA at sn-2 position Fig. 4 changed with reaction time and temperature. Acyl migration was increased with an increase in temperature 24 27 . In addition, time was also important to this acyl migration process Fig. 4 . When the reaction time increased the concentration of OA at sn-2 position decreased probably because fatty acid at sn-1 and sn-3 positions moved to the sn-2 position 25 . Structured lipid produced with SAd had lower decrease in concentration of OA at sn-2 position than SL synthesized with ESd data not shown . Thus, SAd as the C18:0 donor was the best choice to produce CBA.
The concentration of OA at sn-2 position at 60 SL1 was higher than those at 65 SL2 61.08 1.53 and 53.72 5.95 , respectively . Stearic acid had a high melting point of 69.3 20 . The production of SL in a solvent free non-hexane at 60 could not be achieved. This study showed that the acidolysis reaction at 65 was optimal.
Melting profiles by DSC curves of CB and SL are shown in Fig. 5 . Melting characteristics of fats and oils were important to mouthfeel and consumer acceptance of foods 15 . Differences in the melting points of fats and oils are due to the differences in fatty acid and TAGs molecular species composition. A single peak in the melting thermogram of CB indicated that all TAGs are of symmetrical type saturated-unsaturated-saturated: POS, SOS, POP were dissolved at the same temperature range, while two peaks of SL showed two melting sessions. This indicates the presence of two groups of different TAGs molecular species formed as a result of the interesterification between RBOSF, PO, and C18:0 donors resulting in different dissolved temperatures. The melting completion temperature T mc of CB and SL were 25.5 and 43.9 , respectively. Under optimal reaction condition substrate mole ratio RBOSF:PO:SAd, 1:2:6 and temperature 65 at 12 h , the main fatty acid composition of SL included 23.18 0.32 PA, 31.72 0.99 SA and 30.91 0.52 OA, which were similar to those of CB 28.90 0.01 PA, 33.13 0.04 SA and 32.52 0.03 OA . However, OA 53.72 5.95 at sn-2 position was different from that of CB 85.24 1.22 because RBOSF had a higher amount of LA 42.98 1.11 than CB, moreover SL had a high amount of LA 25.11 3.69 at sn-2 position Table 1 .
CONCLUSIONS
Optimal reaction condition for producing cocoa butter alternatives from rice bran oil solid fat fraction using lipasecatalyzed synthesis included the substrate molar ratio1:2:6 RBOSF:PO:SA at temperature 65 for 12 h. This research showed the value added to rice bran oil, the abundant by-product of rice cultivation and milling process found in Thailand and Asia. Rice bran oil solid fraction could be used to produce cocoa butter alternatives and it could be used in chocolate formulations and confectionery industry.
